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IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 



NEURALSTEM, INC. 
9700 Great Seneca Highway 
Rockville, MD 20850 



Plaintiff, 



vs. 



HON. DAVID KAPPOS, 
Under Secretary of Commerce for Intellectual 
Property and Director of the United States Patent and 
Trademark Office, 

Office of General Counsel, United States Patent and 
Trademark Office, P.O. Box 15667, 
Arlington, VA 22215, 

10B20, Madison Building East, 600 Dulany Street, 
Alexandria, VA 22314, 

Defendant. 



Civil Action No. 



COMPLAINT 

Plaintiff Neuralstem, Inc., ("Neuralstem"), for its complaint against the Honorable 
David Kappos, states as follows: 

NATURE OF ACTION 

1. This is an action by Neuralstem, the applicant and owner of United States 
Patent No. 7,544,511 ("the '511 patent") for review of the determination by Defendant, 
pursuant to 35 U.S.C. § 154(b)(4)(A), that the patent term adjustment for the '511 patent 
be changed from 200 days to 689 days. 

2. This action arises under 35 U.S.C. § 154(b)(4)(A) and the Administrative 
Procedure Act, 5 U.S.C. §§ 701-706. 
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THE PARTIES 

3. Plaintiff Neuralstem is a company organized under the laws of the state of 
Delaware with its principal place of business in Rockville, Maryland. 

4. Defendant David Kappos is the Under Secretary of Commerce for 
Intellectual Property and Director of the United States Patent and Trademark Office 
("PTO"), acting in his official capacity. The Director is the head of the PTO and is 
responsible for superintending or performing all duties required by law with respect to 
the granting and issuing of patents, and is designated by statute as the official responsible 
for determining the period of patent term adjustments under 35 U.S.C. § 154(b)(3)(B). 

JURISDICTION AND VENUE 

5. This Court has jurisdiction to hear this action and is authorized to issue the 
relief sought pursuant to 28 U.S.C. §§ 1331, 1338(a) and 1361, 35 U.S.C. § 154(b)(4)(A), 
and 5 U.S.C. §§ 701-706. 

6. Venue is proper in this district by virtue of 35 U.S.C. § 154(b)(4)(A). 

7. This Complaint is being timely filed in accordance with 35 U.S.C. § 
154(b)(4)(A). 

FACTS 

8. Plaintiff Neuralstem is a the assignee of all right, title and interest in the 
*51 1 patent, as evidenced by records on deposit with the PTO and a Certificate of Merger 
of Neuralstem B ^pharmaceuticals Ltd. into Neuralstem, Inc. (Exhibit A), and is the real 
party in interest in this case. 

9. Renji Yang and Karl K. Johe are the inventors of application number 
10/047,352 ("the 4 352 application"). 
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10. The '352 application was filed on January 14, 2002, and issued as the 
'51 1 patent on June 9, 2009. The '51 1 patent is attached as Exhibit B. 

1 1. On October 6, 2004, the PTO mailed the first notification under 35 U.S.C. 
§ 132 ("the first Office Action") as to the '352 application. 

12. On May 19, 2006, Plaintiff filed with the PTO the first and only request 
for continued examination ("RCE") of the '352 application. 

13. On January 13, 2009, the PTO mailed a Notice of Allowance and Fees 
Due for the '352 application. Included in the Notice of Allowance and Fees Due was a 
Determination of Patent Term Adjustment in which the PTO indicated that the patent 
term adjustment for the '352 application was 200 days. 

14. On March 13, 2009, Plaintiff filed with the PTO an Application for Patent 
Term Adjustment requesting that the PTO change its patent term adjustment to include an 
additional 490 days. On May 12, 2009 the PTO held in abeyance a decision on Plaintiffs 
Application for Patent Term Adjustment pending issuance of the '352 application as a 
patent. 

15. On April 13, 2009, Plaintiff paid the issue fee for the '352 application, 
thereby satisfying all outstanding requirements for issuance of a patent therefrom. 

16. The '511 patent issued on June 9, 2009, indicating a patent term 
adjustment of 200 days. 

17. On June 16, 2009, Plaintiff filed a Request for Reconsideration of Patent 
Term Adjustment, renewing its request that the PTO change its patent term adjustment 
calculation for the '51 1 patent. The PTO has not responded to this request as of the date 
of this complaint. 
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18. 35 U.S.C. § 145(b) requires that patent terms be adjusted to compensate 
for failures of the PTO to take certain actions on patent applications within designated 
time limits. 35 U.S.C. § 154(b)(3) requires the Director of the PTO to determine the 
patent term adjustment for each patent. 

19. In calculating the patent term adjustment, the Director must take into 
account PTO delays under 35 U.S.C. § 154(bXl), any overlapping periods in the PTO 
delays under 35 U.S.C. § 154(b)(2)(A), and any applicant delays under 35 U.S.C. § 
154(b)(2)(C). 

20. Under 35 U.S.C. § 154(b)(4)(A), "[a]n applicant dissatisfied with a 
determination made by the Director under paragraph (3) shall have remedy by a civil 
action against the Director filed in the United States District Court for the District of 
Columbia within 180 days after the grant of the patent. Chapter 7 of title 5 shall apply to 
such action." 

CLAIM FOR RELIEF 

21. The allegations of paragraphs 1 - 20 are incorporated in this claim for 
relief as if fully set forth herein. 

22. The currently challenged patent term adjustment for the '729 patent, as 
determined by the Defendant under 35 U.S.C. § 154(b), and listed on the face of the '51 1 
patent, is 200 days. (See Ex. A at p. 1). This determination of the 200 day patent term 
adjustment is in error in that it fails to include an adjustment, as required by 35 U.S.C. § 
154(b)(1)(B), for the time from three years after the filing date of the '352 application to 
the date the patent issued, not including the period of time following Plaintiffs request 
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for continued examination (i.e., not including the period of time between the filing of the 
RCE and the grant of the *51 1 patent). 

23. Under 35 U.S.C. § 154(b)(1)(A) and 37 C.F.R. § 1.702(a), Plaintiff is 
entitled to an adjustment of the term of the '511 patent of 200 days ("A Delay"). The A 
Delay period attributable to PTO examination delay consists of the following: 

a. A period of 572 days pursuant to 35 U.S.C. § 154(b)(l)(A)(i) due 
to the PTO's failure to mail an action under 35 U.S.C. § 132 not 
later than 14 months from the actual filing date of the application. 
This period consists of the length of time from March 15, 2003 
(the day after the date that is 14 months after the filing date) to 
October 6, 2004 (mailing date of the First Office Action). 

b. A period of 184 days pursuant to 35 U.S.C. § 154(b)(l)(A)(ii) due 
to the PTO's failure to respond to a reply under section 134 within 
4 months. This period consists of the length of time from July 13, 
2008 (4 months after the response to non-final office action dated 
March 13, 2008) and January 13, 2009. 

24. The A Delay period in paragraphs 23a and 23b is reduced by 55 1 days due 
to applicant delay under 37 CFR § 1.704 calculated as follows: (1) 1 day under 37 CFR § 
1.704(b) on April 28, 2005 (the day after the date that is three months after the date of 
mailing of an office communication and ending on the date a reply was filed); (2) 176 
days under 37 CFR § 1.704(c)(8) from April 29, 2005 (the day after the date the initial 
reply was filed) to October 21, 2005 (the date the supplemental reply was filed); (3) 39 
days under 37 CFR § 1.704(b) from April 11, 2006 (the day after the date that is three 
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months after the date of mailing of an office communication) to May 19, 2006 (the date a 
reply was filed); (4) 92 days under 37 CFR § 1.704(b) from October 18, 2006 (the day 
after the date that is three months after the date of mailing of an office communication) to 
January 17, 2007 (the date a reply was filed); (5) 1 day under 37 CFR § 1.704(c)(8) on 
January 18, 2007 (the day after the date the initial reply was filed ending on the date the 
supplemental reply was filed); (6) 32 days under 37 CFR § 1.704(b) from July 21, 2007 
(the day after the date that is three months after the date of mailing of an office 
communication) to August 21, 2007 (the date a reply was filed); and (7) 214 days 
beginning the day after the initial reply was filed (March 14, 2008) and ending on the 
date that the supplemental reply or other such paper was filed (October 14, 2008) 
pursuant to 37 CFR § 1.704(c)(8). 

25. Therefore, the net A Delay can be expressed by the following equation: 
A Delay - (572 + 184)- (1 +176 + 39 + 92 + 1+32 + 215) = 200 

26. Furthermore, under 35 U.S.C. § 154(b)(1)(B), Plaintiff is entitled to an 
additional adjustment of the term of the '511 patent of 489 days, the number of days 
attributable to the PTO's "failure to issue a patent within 3 years after the actual filing 
date of the [ 4 352] application," but not including "any time consumed by continued 
examination of the application requested by the applicant under section 132(b)" ("B 
Delay"). 

27. Per 37 C.F.R. § 1.703(b), the B Delay period consists of the period 
commencing January 15, 2005 (the day after the date that was three years after the filing 
date of the '352 application) ending on the issue date of the '511 patent, excluding the 
period between May 19, 2006 (the date of filing of die RCE) and June 9, 2009 (the date 
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the patent issued). Therefore, the B Delay period is 489 days running from January 15, 
2005 to May 18, 2006. 

28. 35 U.S.C. § 154(b)(2(A) states that "to the extent... periods of delay 
attributable to grounds specified in paragraph [154(b)(1)] overlap, the period of any 
adjustment granted under this subsection shall not exceed the actual number of days the 
issuance of the patent was delayed." For the *511 patent, none of the A Delay period 
overlaps on the same calendar day with the 489 day B Delay period running from January 
15, 2005 to May 18, 2006. Therefore, there is no period of overlap to be excluded from 
the determination of patent term adjustment for the '511 patent under 35 U.S.C. § 
154(b)(2)(a). 

29. Thus, the total period of PTO delay is the sum of the A Delay period (200 
days) and the non-overlapping B Delay period (489 days) for a total of 689 days. 

30. Defendant's determination that the period of the patent term adjustment 
for the '551 patent is only 200 days, his failure to include in the patent term adjustment 
the 489 days require by 35 U.S.C. § 154(b)(1)(B) and his refusal to reconsider the patent 
term adjustment of the '551 patent are arbitrary, capricious, an abuse of discretion, or 
otherwise not in accordance with the law and in excess of statutory jurisdiction, authority 
or limitation. 

31. Moreover, Defendant's determination that the period of the patent term 
adjustment for the 4 551 patent is only 200 days is in conflict with this Court's judgment 
in Wveth v. Dudas . Civ. Action No. l:07-cv-01492-JR, 2008 WL 4445642 (D.D.C. Sept. 
30, 2008 which explains the proper method for calculating patent term adjustments under 
35 U.S.C. § 154(b). 
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WHEREFORE, Plaintiff respectfully prays that this Court: 



A. 



Issue an Order changing the period of patent term adjustment for the '551 



patent from 200 days to 689 days, and requiring Defendant to alter the term of the '551 



j 



patent to reflect the 689 day patent term adjustment; and 



B. Grant such other and further relief as the nature of the case may admit or 



require as may be just and equitable. 



Respectfully submitted, 



Dated: December 4, 2009 




Michael T. MurpHy (DC Bar No. 386156) 
K&L GATES LLP 
1601 K Street, N.W. 
Washington, DC 20006 
Tel: 202 778 9176 
Fax: 202 778 9100 
Attorneys for Neuralstem, Inc. 



Of Counsel 

Sanjay K. Murthy 

Sanjay.murthy@ldgates.com 

David B. Fournier 

David.fournier@klgates.com 

Brian J. Arnold 

Brian.amold@klgates.com 

K&L GATES LLP 

70 W. Madison Street 

Chicago, DL 60602 

Tel: 312.372.1121 

Fax: 312.827.8000 

Attorneys for Neuralstem, Inc. 
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EXHIBIT A 
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r SECRETARY OF STATS 
DIVISION OF CORPORATIONS' 
FILED 09:00 AM 04/1 0/2 0O1 
010173679 - 3357784 

CERTIFICATE OF MERGER 
OF 

NEURALSTEM BIOFHARMACEUTICALS, LTD. 
INTO 
NEURALSTEM, INC. 

The undersigned corporation DOES HEREBY CERTIFY; 

FTRSTrThat the name and state of incorporation of each of the constituent corporations of 
the merger is as follows: 

NAME STATE OF INCORPORATION 

Neural stem, Inc. Delaware 
NeuralSTEM Biopharmaceuticals, Ltd. Maryland 

SECOND: That an agreement and plan of merger and reorganization between the 
parties to the merger has been approved, adopted, certified, executed and acknowledged by each 
of the constituent corporations in accordance with the requirements of subsection (c) of section 
252 of the General Corporation Law of the State of Delaware. 

THIRD: The name of the surviving corporation of the merger is Neuralstem, Inc., a 
Delaware corporation. 

FOURTH: That the Certificate of Incorporation of Neuralstem, lno, a Delaware 
corporation, shall be the certificate of incorporation of the surviving corporation. 

FIFTH: That the executed agreement of merger is on file at the principal place of 
business of Neuralstem, Inc. The address of said principal place of business is: 387 Technology 
Drive, College Park, Maryland 20742. 



86612 vl/RE 
1%TWOU.DOC 



1. 
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SIXTH: That a copy of the agreement of merger will be furnished, on request and 
without cost, to any stockholder of either constituent corporation. 

SEVENTH: That the authorized capital stock of each foreign corporation which is a 
party to the merger is as follows: 

Corporation Class Number of Shares Par Value per share 

Neural STEM 

Biopharmaceuticals, Ltd. Common 10,000,000 $0.01 par value 

Preferred 5,000,000 $0.01 par value 



S66l2vl/RF. 
I%TW01LDOC 



2. 
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IN WITNESS WHEREOF, Neuralstem, Inc. has caused this Certificate of Merger to be 
signed by hs President this y day of April, 2001 . 



ATTEST: NEWU1STEM,INC, 

a Delaware corporao"' 




rill Solon**, Secretary I. Richara Garr, President 




866)2 vl/RE 
JHTW0U.DOC 
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EXHIBIT B 



Case 1:09-cv-02306-EGS Document 1 Filed 12/04/09 Page 14 of 34 

iinniMiipiMiiii 

US007544511B2 



d2) United States Patent 

Yang et al. 



(io) Patent No-: US 7,544,51 1 B2 
(45) Date of Patent: Jun. 9, 2009 



(54) STABLE NEURAL STEM CELL LINE 
METHODS 

(75) Inventors: Renji Yang, Silver Spring, MD (US); 

Karl K. Johe, Potomac, MD (US) 

(73) Assignee: Neuralstem Biopbarmaceuticals Ltd., 
College Park, MD (US) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 200 days. 

(21) Appl.No.: 10/047,352 

(22) Filed: Jan. 14, 2002 

(65) Prior Publication Data 

US 2002/0064873 Al May 30, 2002 

Related US. Application Data 

(63) Continuation of application No. 09/398,897, filed on 
Sep. 20, 1999, now abandoned, and a continuation-in- 
part of application No. 09/053,414, filed on Apr. 1, 
1 998, now abandoned, which is a continuation-in-part 
of application No. 08/71 9,450, filed on Sep. 25, 1 996, 
now Pat. No. 5,753,506. 

(60) Provisional application No. 60/101 ,354, filed on Sep. 
22,1998. 



(51) 



(52) 
(58) 



(56) 



IntCL 

C12N 5/08 (2006.01) 
C12NS/22 (2006.01) 

UJS. CI 435/368; 435/375; 435/377 

Field of Classification Search 435/325, 

435/368, 377; 424/93.21 
See application file for complete search history. 
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STABLE NEURAL STEM CELL LINE The mitotic capacity of CNS stem cells, however, is finite. 

METHODS With the previous culture conditions, it had been difficult to 

expand CNS stem cells beyond about 30 cell-doublings at 
This patent application is a continuation of and claims which point a majority of the cells have lost their capacity for 
priority to and the benefit of U.S. patent application Ser. No. 5 neuronal differentiation and further expand as glial progeni- 
09/398,897, filed Sep. 20, 1999, now abandoned, which tors rather than as multipotential stem cells. The mechanism 
claims priority to and the benefit of U.S. provisional patent for this limitation is yet unknown. 

application 60/101,354, filed Sep. 22, 1998, and is a contin- We hypothesized that mitotic CNS stem cells secrete an 
nation-in-part of and claims priority to and the benefit of U.S. autocrine factor or factors which suppress the entry into cell 
patent application Ser. No. 09/053,414, filed Apr. 1, 1998, 10 cycle at the Gl phase of mitosis. This would effectively 
now abandoned, which is a continuation-in-part of and claims antagonize the autogenic actions of bFGF and initiate the 
priority to and the benefit of U.S. patent application Ser. No. differentiation path. Thus, it is a mechanism to self-regulate 
08/7 1 9,450, filed Sep. 25, 1 996, now U.S. Pat. No. 5,753,506, the proliferation of CNS stem cells and, in vivo, to limit the 
the entire contents of each is hereby incorporated by reference generation of neurons and glia during development. Consis- 
and relied upon. is tent with this mechanism is the observation that high cell 

density promptly differentiates CNS stem cells even in the 
BACKGROUND OF THE INVENTION presence of bFGF and regardless of the passage time. 

Although theSOcell-doublingsyieldKr'-foldexpansion of 

1 . Field of the Invention cells, a method for further significant expansion of CNS stem 
The presentapplication discloses a systematic and efficient 20 cells would be of significant commercial value. Here, we 

method for establishing stable neural stem cell lines and disclose that constitutive activation of c-myc protein in CNS 
neuronal progenitor lines. The resulting cell lines provide stem cells prevents their spontaneous differentiation at high 
robust, simple, and reproducible cultures of human and other cell density, confers resistance to glial differentiation, and 
mammalian neurons in commercially useful mass quantities increases the mitotic capacity over 60 cell-doublings. This 
while maintaining normal karyotypes and normal neuronal 25 procedure thus yields more than a 10 18 -fold expansion of 
phenotypes. CNS stem cells. 

2. Description of the Related Art 

A developing fetal brain contains all of the cells germinal SUMMARY OF THE INVENTION 

to the cells of an adult brain as well as all of the programs 

necessary to orchestrate them toward the final network of 30 ^ P^ 1 * application reveals a method for producing 
neurons. At early stages of development, the nervous system stable ^ lines ofmammalian neural precursor cells in vitro, 
is populated by germinal cells from which all other cells, llie method comprises the steps of preparing a culture of ' 
mainly neurons, astrocytes and oligodendrocytes, derive dur- neural Precursor cells in a serum-free medium; culturing the 
kg subsequent stages of development. Clearly such germinal neuraI Precursor cells in the presence of a first mitogen, where 
cells that are precursors of the normal brain development 35 me first mit0 S en is selected from the group consisting of 
would be ideal for all gene-based and cell-based therapies if f FGF ' bFGF > EGF > TGFa and combinations thereof; contact- 
these germinal cells could be isolated, propagated and differ- m % me cells with 311 a S ent capable of being taken up by the 
entiated into mature cell types. celk 311(1 capable of expressing a c-myc gene; and further 

The usefulness of the isolated primary cells for both basic cu |* uril « m <; cells in a medium containing the first mitogen 
research and for therapeutic application depends upon the 40 ™ a f* 00 * nut0 S en > where me mitogen is selected 
extent to which the isolated cells resemble those in thebram *™mthe 8*>up consisting of aFGF, bFGF, EOF, TGFa, serum 
Just how many different kinds of neural precursor cells there and combinatlons mereof i with the P roviso *»t the second 
are in the developing brain is unknown. However, several nu T t0 S en ■ L otbe f ** mitogen, 

distinct cell types may exist: m a P referred embodiment of the method, the c-myc gene 

a unipotential precursor to neurcns oriy ("committed neu- 45 * fose * wi * *her DNA elements, where the other DNA 
ronal progenito/or "neuroblast"), elements comprise at least one element selected from the 

a unipotential precursor to oligodendrocytes only Coligo- ^"P™™*^ <* a Kgmd binding domain for an estrogen 
dendroblast^ * y y 1 OJ 8 receptor, an androgen receptor, a progesterone receptor, a 

. glucocorticoid receptor, a thyroid hormone receptor, a retin- 

a unipotential precursor to astrocytes only ("astroblast"), 50 oid and ^ ecdysone receptor. 

a bipotential precursor mat can become either neurons or m another preferred embodiment of the method, the 
oligodendrocytes, neurons or astrocytes, and oiigodendro- medium containing the first mitogen and the second mitogen 
cytes or astrocytes, and further comprises a myc-activating chemical selected from 

a multipotential precursor that maintains the capacity to the group consisting of P-estradiol, RU38486, dexametha- 
differentiate into any one of the three cell types. 55 sone, thyroid hormones, retinoids, and ecdysone. 

CNS stem cells are multipotential precursor cells with the In a more preferred embodiment of the method, the mam- 
innate property to differentiate into all major cell types of the malian neural precursor cells are derived from a human. In 
mammalian central nervous system (CNS) including neu- another more preferred embodiment of the method, the mam- 
rons, astrocytes, and oligodendrocytes. The methods for iso- malian neural precursor cells are derived from an in vitro 
lation and differentiation of CNS stem cells and the charac- 60 culture of pluripotent embryonic stem cells, 
terization of differentiated cell types have been previously The present application also reveals a cell line produced 
described in detail, U.S. Pat. No. 5,753,506 (Johe). Briefly, according to this method. In a preferred embodiment of the 
CNS stem cells are expanded in serum-free, chemically cell line, the cells maintain a multipotential capacity to dif- 
defined medium containing basic fibroblast growth factor, ferentiate into neurons, astrocytes and oligodendrocytes. In 
bFGR as the sole mitogen. The culture condition permits 65 other preferred embodiments of the cell line, the cells main- 
nearly pure populations of CNS stem cells for a long period tain a bipotential capacity to differentiate into neurons and 
both as a mass culture and as a clonal culture. astrocytes or into astrocytes and oligodendrocytes. 
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In more preferred embodiments of the cell line, the cells counted, and a fraction replated into new plates. This process 

maintain a unipotential capacity to differentiate into neurons was repeated for 1 2 passages. By dividing the increased cell 

or into astrocytes. number from the initial seeding density to the time of harvest 

The present application also reveals a method for produc- by the duration of the culture per passage, an approximate 

ing stable clonal cell lines of mammalian neural precursor 5 doubling time was estimated (open triangle). The dotted line 

cells in vitro. The method comprises the steps of preparing a across the graph represents the averaged doubling time for the 

culture of neural precursor cells in a serum-free medium; entire culture period. Cumulative expansion of the cells was 

culturing the neural precursor cells in the presence of a first calculated by multiplying the multiples of increased cell 

mitogen, where the first mitogen is selected from the group number at each passage and expressed as "Cumulative Fold- 
consisting of aFGF, bFGF, EGF, TGFa and combinations to Expansion" over the initial cell number at day 0. The initial 

thereof; contacting the cells with an agent capable of being starting cell number at day 0 was 5.0x1 0 6 cells, 

taken up by the cells and capable of expressing a c-myc gene FIG. 3. Stability of neuronal differentiation of MycER- 

and a selectable marker, further culturing the cells in a modified human CNS stem cells. 

medium containing the first mitogen and a second mitogen, A. Unmodified CNS stem cells differentiated and immun- 
where the second mitogen is selected from the group consist- 15 ostained with anti-MAP2ab antibody; 

ing of aFGF, bFGF, EGF, TGFa, serum and combinations B. Unmodified CNS stem cells differentiated and immun- 

thereof, with the proviso that the second mitogen is other than ostained with anti-TH antibody; 

the first mitogen; and collecting c-myc treated cells and co- C. MycER modified human* cortical cells at passage 4, 

culturing them with feeder cells free of the selectable marker differentiated and immunostained with anti-MAP2ab anti- 
and capable of supporting survival of the c-myc treated cells 20 body viewed at low magnification; 

in a medium containing the first mitogen and the second D. MycER modified human cortical cells at passage 4, 

mitogen, with the proviso that the second mitogen is other mfferentiated and immunostained with anti-MAP2ab anti- 

than the first mitogen body viewed at high magmfication; 

In a preferred embodiment of this metlwd, the c-myc gene E. MycER modified human cortical cells at passage 4, 

is fused with other DNA elements, where the other DNA 25 differentiated and immunostained with anti-TH antibody 

elements comprise at least one element selected from the viewed at low magnification; 

group consisting of a ligand binding domain for an estrogen F. MycER modified human cortical cells at passage 4, 

receptor, an androgen receptor, a progesterone receptor, a differentiated and immunostained with anti-TH antibody 

glucocorticoid receptor, a thyroid hormone receptor, a retin- viewed at high magnification; 

oid receptor, and an ecdysone receptor. 30 G. MycER modified human cortical cells at passage 4, 

In another preferred embodiment of this method, the differentiated and immunostained with anti-GABA antibody 

medium containing the first mitogen and the second mitogen viewed at low magnification; 

further comprises a myc-activating chemical selected from H. MycER modified human cortical cells at passage 4, 

the group consisting of (3-estradiol, RU38486, dexametha- differentiated and immunostained with anti-GABA antibody 

sone, thyroid hormones, retinoids, and ecdysone. 35 viewed at high magnification; 

In a more preferred embodiment of this method the mam- I. MycER modified human cortical cells at passage 9, dif- 

malian neural precursor cells are derived from a human. In ferentiated and immunostained with anti-MAP2ab antibody 

another more preferred embodiment of this method, the mam- viewed at low magnification; 

malian neural precursor cells are derived from an in vitro J, MycER modified human cortical cells at passage 9 

culture of pluripotent embryonic stem cells. 40 differentiated and immunostained with anti-MAP2ab anti- 

The present application also reveals a cell line produced by body viewed at high magnification; 

this method. In a preferred embodiment of this cell line, the K. MycER modified human cortical cells at passage 9, 

cells maintain a multipotential capacity to differentiate into differentiated and immunostained with anti-TH antibody 

neurons, astrocytes and oligodendrocytes. In other preferred viewed at low magnification; and 

embodiments of this cell line, the cells maintain a bipotential 45 L. MycER modified human cortical cells at passage 9, 

capacity to differentiate into neurons and astrocytes or into differentiated and immunostained with anti-TH antibody 

astrocytes and oligodendrocytes. viewed at high magnification. 

In more preferred embodiments of this cell line the cells FIG. 4. Stability of neuronal differentiation MycER- 

maintain a unipotential capacity to differentiate into neurons modified human cortical cell lines were differentiated at pas- 

or into astrocytes. 50 sage 4 and at passage 11. The number of neurons immun- 

RRTRF DFSCRTPTTnM nv thf na awtmpq T?*** for . MAP2ab 0r ™ P roteins were quantified and 

BRIfct DESCRIPTION OF THE DRAWINGS their proportions over the total cells are reported. 

FIG. 5. MycER modified neuronal progenitors. 

FIG. 1. Arrangement of pMycER retrovirus plasmid. A A. MycER-modified rat striatal progenitors immun- 

hneanzedEcoRl fragment containing the human c-myc gene 55 ostained with anti-tau antibody; 

fused to the ligand binding domain of the human estrogen B. Morphology and arrangement of tau+/TuJl -neuronal 

receptor gene (Eiler et al.,1989, Nature 340: 60-68) was progenitors, immunostained with anti-tau antibody- 

hgated aWtream of the 5XTR of pLXSN retroviral expres- C . Morphology and arrangement of tau4/TuJl Neuronal 

sion plasmid (Clontech). The final construct also contains a progenitors, immunostained with anti-tau antibody; and 

S k cv^rt th ^ neomycin ^stance gene, Neo r , under eo D. Morphology and arrangement of tau+/TuJHneuronal 

the SV40 promoter, ? sno . progenitors of C, immunostained with anti-TuJ 1 antibody. 

FIG 2. Growth capacity of MycER-modified human CNS 

stem cells. In order to measure the growth rate and capacity, DETAILED DESCRIPTION OF THE PREFERRED 

aMycER-modifiedhumanCNSstemcelllinepool(HK18.2) EMBODIMENT 
derived from 18-week old human fetal cortical tissue was 65 

continuously expanded in culture for approximately 80 days. Neural cells in culture are highly plastic. Even a brief 

At each passage (solid circle), the cells were harvested, exposure to suboptimal culture conditions such as serum can 
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have subtle yet significant long-term effects on the phenotype EXAMPLES 
of the cells. Yet, almost all of the reported neural cultures 

employ serum as the primary source of mitogen. We and nn . r Xjr n _ ^ 

others have demonstrated that, in order to preserve the intrin- ,2 of c-Myc-estrogen Receptor Expressmg Retro- 
sic differentiation potential of stem cells and other cells, it is 5 

critical to reduce the exposure of the cells to serum and that A ^T^T COnte,nin 8 ~o"»ycin-resistance 

welWefinedgrowthfactors )P articularlybFGFand/orepider- KStj^fi^ b fT^f. 

mal growth factor, EOF, in a serum-free medium can j*olif- ££f « 3 h^^T^l JF* * 

. . „ _ . , , , fusion gene of human c-myc cDNA and human estrogen 

ejatea variety of Affect cell types in a single culture (Johe, I0 tor cDNA (Ei|er et al 1989 Nature 340: 60 ^ 8) . ^ e 

US Pat. No. 5,753,506; Woss et. al., U.S. Pat. No. 5,851, fusion gene was placed under the regulation of MMLV long- 

832 '* terminal repeat sequence (LTR). The overall arrangement of 

In the absence of a particular molecular marker for each of the final retroviral vector, pMycER, is shown in FIG. 1. 
the cell types, isolating potentially thousands of distinct neu- 
ral cell types that may exist in a single culture had not been 15 deration of a Producer Cell Line 
feasible. In the previous works, we have described the meth- To establish a ceU line stably producing the MycER retro- 
ods and compositions of distinct CNS stem cell populations virus » ^Pnotropic packaging cell line was transfected 
that give rise to a variety of different neurons in culture. Here, witn P MvcER pksmid. Stable clones were selected with 
areproducibleandefficientmethodutilizingover-expression 20 ? 418 (1 mg/mJ ' Life Technol °gy MD) for 4 weeks. 
ofmec-mycgenetostabilizethecUfferentiationpotentialsof "7°* ^ 0nes screened for titer production against 

neiiraJcellsandtoisolatestableclonalceUlmesisdescribecL to . T^/!^^ A ^ 

„ , „ MycER. 10, with a retroviral titer of 10 s pfu/ml as measured 

With continuous passage, CNS stem cells gradually lose by infection of rat stem ce Us was selected for subse- 
their capacity to differentiate into neurons, thus becoming ^ q Ue nt experiments, 
glial progenitors. The conditions which accelerate this pro- 
cess include high cell density during proliferation, poor Infection of Rat and Human CNS Stem Cells 
attachment of the cells on extracellular matrix coated surface, Rat and human CNS stem cells were prepared according to 
and exposure to glia-promoting factors such as CNTF (ciliary previously reported procedure (U.S. Pat. No. 5,753,506). Pas- 
neurotrophic factor), LIF (leukemia inhibitory factor), BMPs 30 sage 1 ceils were plated at 0.5x 1 0 6 cells per 1 00 mm plate and 
(bone morphogenic factors) and serum. In order to overcome grown for three additional days in serum-free N2 medium 
this instability of neuronal differentiation capacity of CNS plus 1 0 ng/ml bFGF. MycER. 1 0 cells were grown in DMEM/ 
stem cells, we have introduced into the cells a cellular proto- 10% fetal bovine serum to 50-75% confluence, subsequently 
oncogene, c-myc, whose activity can be regulated by the rinsed three times with DMEM, and incubated for 4-1 6 hours 
presence or absence of an extracellular molecule, p-estradiol. 35 in a retrovirus collection medium (IFM). IFM consisted of the 

Human and rat CNS stem cells harboring the fusion gene standard N2 components (25 mg/L human recombinant insu- 

were grown in the continuous presence of mitogens and p-es- ^ 100 mg/L human apotransferrin, progesterone, 

tradiol in the culture medium. Growth of the cells were sig- putrescene, sodium selenite) in DMEM plus 1 0 ng/ml bFGF 

nificantly more robust, exhibiting faster mitotic rate, resis- and 1 numan plasma fibronectin (hFN). IFM contain- 

tance to spontaneous differentiation, and much greater 40 m g the retrovirus was clarified by twocentrifugations at 1400 

overall stability during the expansion. The cells showedno J?m and 3000 rpm. The supernatant was mixed with fresh N2 

sign of neoplastic transformation or anomalous growth pat- at f \ : { "J* ^ h bFGF **. ^ at 10 ^ 1 

tern or morphology. Upon withdrawal of the mitogens and T'T^T 9 *** * c 

P^stradiol, the cells initiated differentiation promptly and 45 ^ Stem u CeU CU ^ 11,6 , ^ fect,on 

gave rise to heterogeneous morphologies chamcteristic of 45 JS*™ 1 6 ^ ^ S Stem We * 

& , t T 1 5 • *Z . infected for 1-3 tunes over a 2-3 day period to compensate for 

neurons and gha Neuronal dfferentiaUon was efficient, ^ slow rate . Subseque ^ v , me cells wWrinsed 

exhibiting molecular expression patterns, localization of neu- three times with Ca 2+ -, Mg 2+ -free Hank's balanced saline 

rons-specifjc protems, and cell morphologies and behaviors solution (HBSS), passaged/and further expanded inN2 plus 

essentially indistinguishable from the parental unmodified 50 10 ng/ml bFGF. 
CNS stem cells. 

The neuronal population consisted of various neurotrans- Selection of MycER-expressing CNS Stem Cells 

mitter phenotypes, including the tyrosine hydroxylase-posi- ^ fte stem cells with stable incorporation of MycER 

five dopaminergic phenotype in 10-20% of the neurons. Such retrovirus were passaged 1 -2 days after the infection, replated 

neuronal differentiation capacity was stable through over 60 55 a t °- 5x J° 6 cdls P er 100 ^ P late ' ™ d elected from 2 days 

celldoublmgsresultingmatleastlxl0 1 ^foldmcreaseinthe after me with 0.1-0.2 mg/ml G418, pH 7.4. The 

number of neurons and glia derived irom the stem cells. Thus, J^^?*?* ^^^^ (^M) was composed of 

the genetic modification and the stem cell culture method D ^WF12 ( 1:1 >, 25 mg/L human recombinant insulin, 100 

described here enable the stable isolation of practically m ^ apo^fe^progesterone, putrescene 

v l r/-xro . 11 r it . ^ . 60 sodium selemte, 10 ng/ml bFGF, 0.2 uM 6-estradiol. 0.1 

unlimited numbers of CNS stem cells W all regrcns of the mg/ml G418j ^ £GF > Qr 1H tori^bolta^ 

devdcpmgrnarnmal^ Fresh bFGF (10 ng/ml, final concentration) was added daily 

ingnsetopotentia i llydisnnct neuronal subtypes in unlimited aad medium was ^ed once every two days. The cells 

numbers. The result, then, is a library of mammalian neurons, were passaged at approximately 50-75% confluence by rins- 

includmg human, with distinct molecular/genetic repertoires 65 ing three times with HBSS and trypsin (Ix) treatment, 

representing the diverse cellular phenotypes of the mature Trypsin activity was stopped by adding soybean trypsin 

drains. inhibitor (1 mg/ml final concentration). 



Case 1 :09-cv-02306-EGS Document 1 Filed 1 2/04/09 Page 30 of 34 



US 7,544,51 1 B2 

7 8 

Isolation of Clones of bFGF+EGF and bFGF+TGFa (transfoiming growth fec- 

At the end of the G4 1 8 treatment for 14 days, the cell s were tor-alpha) accelerated beyond the bFGF-induced mitotic rate 

passaged and replated approximately 200- 1 000 cells per 1 00 of the human CNS stem cells. In both conditions, the doubling 

mm plate. Within 24 hours post plating, well-isolated single time of the cells increased 1 .5 times to 40 hours over bFGF 

cells were marked with 3 mm circles on the bottom of the 5 alone. Combination of bFGF and fetal bovine serum at 1 % or 

culture plate. Sometimes, the complete culture medium was at 10% also accelerated the BrdU-incorporation rate of 

mixed with an equal volume of the medium conditioned by bFGF-induced mitotic rate of CNS stem cells to a similar rate. 

the same cells at high cell density to enhance cell survival. on* r^ro o. ^ n * • * o ^.^ 

Maricedcloneswerepickedwith^eaidofcloningringsand fe^ Spontanea Ehf- 

by trypsin treatment. Individual clones were expanded as the 10 e ^?,.* "I? c^r -r^t? „,™ i ™>, nnc , 

mass culture and stored frozen. . M *"*& ?' T GF< *> ****** « bFGF 

.. . „ , ,. . ... „ „ increased the mitotic rate of human CNS stem cells, even 

Almost all of the c ones genertfed Ous way eventually under these conditionS) cn S stem cells were , ble to 

assumed glial morphology and faded to differentiate into spontaneowdiffe ^Wati>ear^onfh>entcellde^ityand 

neurons, even though the culture conditions are identical as f . - , • . . . . . 

tU o r ' lU . J , mc !r 77 * ie also prone to drift toward glial progenitor states with multipe 

those for the high density culture. Thus, it became apparent 15 £ 7 , _ -a x. a •* j 

♦u * *u cd j-c j 11 • *u / passages. In order to provide enhanced mitotic capacity and 

that the MycER-modified cells m the presence of serum V~ ot r. „ t . _ A *l M . * r* - 

. , . . < «» « ... • • • . . greater stability to the neuronal differentiation capacity of 

required a relatively high cell density in order to maintain ~ vfC . . k . • , _ A F J . 

*u - ia + *• i j • tt. rf! CNS stem cells, we constructed a retroviral vector expressing 

their native differentiation potentials and survive. Thus, the c - . r , , , r & 

ii « . 4 . " w5 a fusion protein of human c-myc and human estrogen recep- 

cell density was maintamedintherangeof0.5xl0 6 tol.0xl0 6 Jv . fU w^w, ' • , *^ T ^ 77 

ceUsper^nomp^bysupplementingtheclonaldensityof 20 Xta«Ssto^SSbltlie 

MycER^pressmgcellswi^^ J^S^^^J^jSjS^ 

By niamtemmg antootic selection over 5-8 days wiA Ol ce ,rselectedbymeir re sisUmce7oG418^tment.TT 1 e tt an- 

mg/mlG418, the feeder cell population was gradually killed • , c - Al _ * . A . /w JlT x 

f-i -J; 1 1 11 j fri,o ■ * * w ™ scnptional activity of c-myc in the fusion protein (MycER) 

wmle permitting local cell density of G418-resistantMycER . . . v u r u _1_ 

11 * , .7 . , ' . . . t J . mr was regulated by the presence or absence of the estrogen 

cells to gradually rise so as to sustain their optimal growth. 25 mM * , J Q * A . . . X * , 

»-L- 1 • , • j .t l t receptor hgand. p -estradiol, in the culture medium. More- 

The antibiotic selection was maintained throughout subse- _ 1_ ^ r.v 1 * • , 1 . , 

„ . . . , ~ n over, the promoter activity of the long terminal repeat is shut 

quent expansion to ensure all remaining cells were MycER- . ' , . # 7 n ..^ 6 . . . / 

modified cells down dunng CNS stem cell differentiation mto neurons, 

t AA .i \ * . „ . , .. . . effectively eliminating MycER transcript. Combination of 

fa adm^one^ stem cells inm^ture glial cells and the withdrawal of mitogens, absent of ^-estradiol, and lim- 

n^tureasteocyteso bom huma^ and mton^ were effective. 30 ited transcripnon activity of LTR resulted in an efficient con- 

Fibroblasts were also useful, but more ^difficult to manage stitutive differentiation of CNS stem cells in a manner indis- 

because their rapid proliferation rate and their high tolerance ^ ishable from ^ unmodifie d parental cells. 

£ 7^ may I 'I? ^%1rT C GNS stem cells from various regions and developmental 

^rendered them much more to ^^. Non- stage s of human fetal brains were Wected at passagel wim 

mitouc fibroblasts and iother non-neural c^Uswmch had been 35 ^ M ER si retrovinis< Mect J were 

garr^-irradiated or treated with mitotic inhibitors such as selected b G41 ^ ^ ded b N2B medium 

ambinosideCorimtomyaninaya^ m without phenol red) containmg bFGF, 10 n^ml EGF or 

mg the c-myc-modified neural cells. , % FBS , and ^-estradiol. Expression of MycER itself did not 

Differentiation and Characterization of the Mitotically ^ cause a significant change in the mitotic rate of the cells; 

Enhanced CNS Stem Cells however, the addition of EGF and/or FBS significantly 

CNS stem cells stably expressing MycER were different]- increased the mitotic rate and enhanced the overall stability of 

ated by plating the cells at 100,000 cell/cm 2 or higher cell ^ e cu lture. The cells proliferated robustly, maintained stable 

density and replacing the growth medium with N2 without morphologies over many successive passages, and sustained 

bFGF, without serum, and without P-estradiol. Typically, the 45 ^eir multipotentiality without spontaneous differentiation 

cells were allowed to differentiate for 6-30 days before immu- at nearly confluent cell density. Upon replacement of the 

nohistochemical analysis. growth medium with N2B without any mitogen and without 

p-estradiol, the stem cells promptly differentiated to give rise 

Results to neurons, astrocytes and oligodendrocytes. 

1. Search for Additional Factors Enhancing Mitotic Capacity 50 3. Expansion Capacity of the Mitotically Enhanced CNS 

of CNS Stem Cells Stem Cel , Lines 

The doubling time for human CNS stem cells in N2 To ascertain the extent of the mitotic and differentiative 

medium with bFGF as the sole mitogen is approximately 60 capacity of the MycER-modified human CNS stem cell line, 

hours which is markedly slower than 24 hours for rat CNS the cells were expanded continuously for 80 days in culture 

stem cells under the identical culture conditions. This maybe 55 and through 12 passages since the infection event. During this 

due to a species difference in certain cell-autonomous prop- period, the cell yield at each passage was measured to quan- 

erties of the cells such as a difference in DNA replication rate tify the actual arithmetic increase in cell number and to deter- 

or in other mitotic phases, Gl or G2, of the cell cycle. We mine the stability of the mitotic rate over time (FIG. 2). 

investigated other factors to accelerate the mitotic rate of Overall, the cells went through approximately 54 doublings 

human CNS stem cells. $0 which resulted in 10 15 -fold increase in the cell number. The 

Many purified recombinant human growth factors were doubling time of the cells was remarkably constant at about 
tested for the ability to enhance the mitogenic activity of 40 hours per mitosis, which is unchanged from that of the 
bFGF. The mitotic rate of human CNS stem cells was parental primary human CNS stem cells (FIG. 2). 
assessed by measuring the proportion of the cells which have The same human CNS stem cell preparation was also sub- 
incorporated the mitotic label, bromodeoxyuridine (Brdll), 65 jected to MycER -retrovirus infection and grown in bFGF 
during a 24-hour period. Each growth factor was supplied alone or in bFGF and EGF. In bFGF alone as the mitogen, the 
daily to the oilture in addition to bFGF. Only the combination MycER-expressing CNS stem cells exhibited enhanced 
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mitotic capacity over the unmodified cells, but yet showed fer The genetic modification of neural stem cells with c-myc 
lessproliferativecapacitytlianinbFGF+l%FBS.Aswiththe resulted in robust, highly reproducible and in a stable cell 
unmodified parent cells, the MycER cells also retained a 60 culture system. The modification process itself is quite effi- 

5°^ U ^ n « k t " 1 ^ 1 " t FGF al ° ne - °" ,hC °!! ,er J ha " d ' in cient, yielding 5,000 to 50,000 independent clones per retro- 
bFGF+EGF, the MycER expressing stem cells delayed J virus infectioD over a ^ ^ ^ ^ could ^ 

increased mitotic rate, increased mitotic canacitv. increased u.. - *i_ JLL • t . 

tant to spontaneous differentiation quite similar to the bFGF+ T _, B * 

1% FBS condition. In the absence of MycER expression, the . order to a f cerlam whether over-expression of c-myc has 
same three conditions yielded a similar pattern of growth but 10 anm ^ OT<M ^tfetioncapadtytf^ 
with less stability. Significantly, the bFGF+l%FBS condi- notypes stem cells from many different regions of the fetal 
tion, although resulting in more efficient cell growth, inevi- brams of rat 311(1 numan were modified by the MycER retro- 
tably led to the loss of the neuronal differentiation capacity vin f * These regions mcluded cortex ' se Ptum, hippocampus, 
This demonstrates that the constitutive c-myc function in nudbrain > hindbrain, striatum, and spinal cord. Multiple 
these cells is subtle: It provides more stable multipotentiality 15 ^^P^of cortical, midbrain, and spinal cord cultures from 
and enhanced mitotic capacity but not an overt mitogen- several different gestational ages were examined to assess the 
independence or transformation reproducibility of the method In all cases, the resulting pools 

These effects of the constitutively active c-myc could also ofinde P«^ clones generated highly reproducible ratios of 
be extended to CNS stem cells from all regions of rat and As ► expected, morphologies, antigenic profiles 
human fetal brains. 20 neurons, and their relative ratios were also distinct from 

cell lines of one region versus another. 

4. Neuronal Differentiation of MycER-enhanced CNS Stem Thus, when several pools of cell lines from midbrain tis- 
^ e ^ s sues of 8 week human fetuses were examined, approximately 

The MycER-enhanced CNS stem cells were differentiated 0.1 % of total cells were consistently TH-positive dopaminer- 
by withdrawing the mitogens and p-estradiol from the 25 & c neurons > which is also the proportion found in the 
medium and without addition of exogenous factors. Diver- unmodified stem cell cultures. Clonal analysis revealed that 
gence of neuronal and glial morphologies began to occur the TH expression was clonally restricted. That is, a majority 
within two days. By the third day, neuronal morphologies of the clones did not contain neurons expressing TH. Of those 
were clearly distinguishable. The neurons continued to that did, the proportion was variable from one clone to the 
mature into fully functional neurons over the next 3-5 weeks. 30 next - Several pools of cell lines from cortical tissues of 1 7-20 

The differentiated cultures from the MycER-enhanced week old human femses were also exammed. Interestingly, all 
human CNS stem cells at different passages were analyzed by of cortical lines gave rise to significantly increased TH- 
immunohistochemistry with a variety of different cell-type positive neurons compared to the unmodified stem cells. The 
specific antibodies. At 1 0 days of differentiation, approxi- proportion ofTH-positive neurons was 2-4% of the total cells, 
mately 50% of the total cells expressed MAP2c, tau, and 35 Subsequently clonal analysis revealed a similar pattern in the 
tubulin IHb proteins, all relatively early markers of neuronal distribution of the TH-positive neurons. The majority had 
differentiation. Approximately 20-30% of the total cells none ' wnu<e those that generate TH were present in variable 
expressed the mature markers of neurons, MAP2a and proportions. This partem had also been observed with clones 
MAP2b proteins. Various neurofilament antibodies revealed a °^ unm °dified stem cells from several different regions and . 
similar proportion of neurons. Of the neurons, approximately 40 witn ^eral different antigenic markers. 
70% were GABA-positive. A similar proportion of neurons Cell lines from spinal cord of 6- 1 0 week old human fetuses 
was also calretinin-positive. Approximately 10-20% of the were also established The pattern of neuronal differentiation 
neurons expressed tyrosine hydroxylase (TH), the key bio- was the same as from other regions, although their stem cell 
synthetic enzyme for dopamine. All of the immunopositive morphology and growth characteristics were distinct, 
neurons were of typical neuronal morphologies and did not 45 Thus, the genetic modification of neural stem cells with 
co-express the glial marker, GEAR Thus, MycER-enhanced c-myc does not alter their intrinsic differentiation capacities 
cell lines differentiate to generate a high proportion of neu- In all of the cell lines through extensive continues culture 
rons exhibiting various neurotransmitter phenotypes. periods, no evidence of tumor formation or other abnormal 

The proportions and neurotransmitter phenotypes of the transformation was noted. Upon karyotype analysis of one 
neurons were stable through many successive passages (FIG. 50 pool of human cortical cell lines at passage 14, a normal 
3A-L). Throughout 54 stem cell doublings, there was no diploid chromosome pattern with no aberrant rearrangement 
degradation of the neuronal differentiation capacity in both was observed. Thus, regulation of mitotic capacity by c-myc, 
the proportion of neurons as well as in the various neuro trans- which is a cellular gene normally present in every eukaryotic 
mitter phenotypes generated. cell and a well-known key regulator of cell cycle machinery, 

5. Region-specific Stem Cell Lines " 1^3;' Sign *T 

_ v . , A .. . „ . other methods using viral oncogenes such as v-myc or SV40 

The serum-free culture condition used for isolation of neu- large T antigen, 
ral stem cells permitted stable inheritance of regional identi- 
ties and their related neurotransmitter phenotypes through 6 - Other Cell Types 

multiple cell divisions. This implies that the stem cells in the 60 The genetic modification with c-myc can be made at any 
culture, although they are uniform in their ability to differen- time during the culture period. Since the expression of c-myc 
tiate into neurons and glia, may be extremely diverse. Thus, if itself is not mitogenic, i.e., non-tra^forming, a culture con- 
each stem cell in the beginning of the culture could be immor- dition which promotes the proli feration of a particular neural 
lahzed in its native state and if this method was efficient to precursor population is a prerequisite. Purified growth factors 
sample thousands of stem cells in a single dish, then the 65 such as aFGF (acidic fibroblast growth factor), bFGF, EFG 
diverse neuronal phenotypes might be permanently "cap- "and TGFa can proliferate a variety of different neural cell 
tared" in the form of cell lines. types. Although most of the descriptions above were on mul- 
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tipotent CNS stem cells as one predominant population, sev- based on spontaneous chromosomal aberrations which con- 
eral different cell types were observed during clonal analysis. ferred mitogen-independence. Other studies tried to use an 
One significant population was a population of bipotentia] immortalization process to turn post-mitotic neurons to re- 
progenitor clones which, upon differentiation, gave rise to enter the cell cycle. 

neurons and astrocytes with apparent absence of oligoden- 5 CNS stem cells are already mitotic and the mitogenic cul- 

drocytes. These bipotential progenitors were quite similar to tare conditions for a long-term expansion of up to 30 cell 

the multipotenual stem cells in their morphology during doublings has already been established Thus, our objective 

growth. The differentiation pattern was also similar giving has been to increase the expansion capacity well beyond the 

rise to about 50% neurons and 50% astrocytes. Thus, key 30 cell doublings at least up to the beginning of senescence 

defining difference between the two populations is the to which is thought to occur between 60 and 80 cell cycles. Sixty 

absence of oligodendrocytes in differentiated cultures. cell doublings represent an lxl0 18 -fold increase in cell num- 

A second cell population arising from c-myc modification ber which is large enough for screening one million chemical 

of primary neural cultures was a population of unipotential r libraries, each consisting of 500,000 compounds or large 

neuronal progenitor clones which consisted only of neurons. enough to provide cell therapies for 50 billion Parkinson's 

These neuronal progenitor clones were of smaller clone size 15 patients. The key concept has been to find a "gentle** modifi- 

and assumed distinct, immature neuronal morphologies dur- cation of the cells so as not to disrupt their intrinsic neuronal 

ing proliferation and expressed tau proteins and/or beta-tubu- differentiation capacity while providing an enhanced growth 

lin III. Examples are provided in FIG. 5. Two distinct cell capacity underthe culture conditions established for primary 

types were observed (FIG. 5A), One type was small-bodied CNS stem cells. 

cells with very short single process steniming out from the 20 Increasing the concentration of active c-myc protein leads 

cell body, which grew in tight clusters. These cells were to the generation of stable human CNS stem cell lines This 

immunoreactive with anti-tau antibody but not with anti- effect occurs not by overtly deregulating mitotic and differ- 

tubulin Mb antibody while dividing (FIG. 5B). The other type entiation parameters of the cell cycle but by providing resis- 

of cells were cells with distinctively elongated neurites with- tance to autocrine and paracrine factors that induce restriction 

out extensive branching, which grew in a smaller, more scat- 25 of multipotentiality toward a glial progenitor state. The con- 

tered pattern suggesting higher migratory capacity. In con- sequence is not an oncogenic transformation of the cells but 

trast to the first type, they were also immunoreactive with rather a stabilization of the cell growth. Thus, endogenous 

both anti-tau antibody and with anti-tubulin IIIb antibody signals which trigger the differentiation, such as those present 

(FIGS. 5C and 5D, respectively). Often times, the second cell at confluent cell density, are still effective. The cell division is 

types were found near or intermixed with the first cell type 30 still dependent upon the supply of proper exogenous mito- 

suggesting that they are two stages of a single continuous gens such as bFGF and/or EGF and/or serum. Differentiation 

lineage-^mmitted neuronal progenitors, with tau+/TuJl + of the stem cell lines to mature functional neurons is as 

state being the more mature state. efficient at the end of the 60-cell doublings as in the unmodi- 

A third cell population arising from c-myc-modified neural Med primary cells. A variety of neurotransmitter phenotypes 

cell culture was a population of clones consisting of glia only. 35 and their relative proportions are maintained throughout the 

Most of these clones were astrocytic with little or no oligo- expansion. 

dendrocytes. The c-myc activity in these examples was controlled by 

These results indicate that many neural precursor lineages constructing a chimeric protein of c-myc fused to a fragment 

respond similarly to the over-expression of c-myc. In addition of estrogen receptor protein (Eiler et . al Nature ( 1 988) 340, 

to primary neural cultures prepared from nervous system 40 60). The intended role of the estrogen is to provide a control 

tissues of mammals, recent advances in embryonic stem cell over the amount of functionally active c-myc induced in the 

cultures indicate that various neural precursors form in vitro cell. The estrogen receptor portion of the chimeric protein is 

during differentiation of totipotential or pluripotent embry- activated when it binds with a cell-permeable agonist or 

onic stem cells and cell lines maintained in culture for long antagonist such as p -estradiol or tamoxifen 

term(Renoncourtetal.,Mech.Dev.(1998)78 ? 185;Svendsen 45 Most members of the nuclear receptor* superfamily act 

et. al., Trends Neurosci. (1999) 22, 357; Brustle et. al., Sci- similarly in that cell-permeable ligands diffuse through the 

ence (1 999) 285, 754.). These cultures can generate nestin- plasma bilayer and bind to their receptor which is then trans- 

positwe neural precursor cells which can then be transferred ported to the nucleus as a complex and induces a variety of 

to serum-free medium and subsequently expanded with transcription related events. The ligand binding domain of 

bFGF and/or EGF for short term. Long-term, mass expansion 50 these nuclear receptor proteins and their ligands can substi- 

has not been feasible since the initial neural precursor forma- tute for the estrogen receptor and P^estradiol in order to 

tion is inefficient. However, by utilizing the genetic modifi- regulate functions of the fused c-myc protein moiety 

cation method with c-myc gene described here, those tran- Examples of such nuclear receptors are glucocorticoid recep- 

sient neural precursors may be turned into stable cell lines. tor, progesterone receptor, androgen receptors, vitamin D 

Neural precursors including multipotential neural stem 55 receptor, thyroid hormone receptors, retinoic acid receptors, 

cells can be isolated from adult brains and can be cultured in and ecdysone receptor. Each of these receptors can be acti- 

serum-free conditions. However, this process is inefficient, vated intracellularly by adding to the culture medium its 

resulting in only a small number of proliferative cells. How- appropriate ligands. Examples of the ligands are steroid hor- 

ever, with the transfer of c-myc gene as described here, one mones such as glucocorticoid or dexamethasone, thyroid hor- 

can establish stable cell lines from such small number of cells 60 mones, retinoids such as retinoic acids, vitamin D, and the 

obtained from neural tissue biopsies. insect molting hormone, ecdysone, as well as their synthetic 

c-myc is involved in many different cellular processes such analogs designed to act on the respective receptors. All of 

as apoptosis in addition to cell cycle regulation, c-myc has these compounds are small, hydrophobic molecules which 

been used previously to transform cells of non-neural origins. can traverse the cell membrane once supplied extracellularly. 

However these previous studies were done with already 65 Some receptor-ligand systems are bettersuited than others 

stable cell lines such as 3T3 fibroblast cell lines and to pro- for the purpose of regulating the over-expressed c-myc. For 

duceneoplastocstateofthecell lines, whichhad been selected instance, for the purpose of transplanting c-myc-modified 
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cells into tissues as a treatment of a disease, it would be c) expanding the neural precursor cell including the c-myc 

desirable that the c-myc-receptor chimeric protein should not construct beyond thirty cell doublings prior to differen- 

respond to endogenous physiological ligands. The c-myc- nation of said cell, wherein said expansion occurs in a 

estrogen receptor described here has the disadvantage that medium containing the first mitogen and a second mite- 

potentially high level of estrogen present in female patients 5 gen, 

may have unexpected effects on the cells . in another instance, wherein said second mitogen is selected from the group 
the hgands used to control the c-myc activity in culture may consisting of aFGF, bFGF, EGF, TGFct, serum and corn- 
have their own unrelated effects on endogenous receptors. binations thereof and 

Tnus an ideaJ^reeeptor-ligand system is one in which the wherein said medium comprising the first mitogen and the 

receptor moiety of the fusion protem does not recogmze the 10 ^nd mitogen further comprises an amount of a 

endogenous hgand and in which the hgand is a ^nthetic c-myc-activating agent suffcient to maintain a stable 

compoundwh^ wherc £ J5, c . myc . activati ageQtisca ~£,e 

E22^ 15 h l£^f**\ ^^wh^nmeneuralprecu^rcell 

: ^~* i r . is derived from plunpotent embryonic stem cells. 

is sensitively activated by a synthetic analog of progesterone, - A f , T . . . . , , 

RU38486, while RU38486 does not activate the endogenous . 7 I** m f ethod of cl * m A ' wherein *« aeural Parser cell 

full-length progesterone receptor (Wang et al., Proc Natl. 15 from cenlral ^rvous system tissue. 

Acad. Sci. USA (1994) 91, 8180). 20 method of claim 3, wherein the central nervous 

Thus, one enhanced c-myc expression system to produce system tissue is from ^ consisting of hippoc- 

stable cell lines would be to construct a plasmid in which the ampus, cerebral cortex, striatum, septum, hindbrain, and spi- 

human c-myc gene is fused to the ligand binding domain of c °?u * 

the human progesterone receptor with the C-terminal deletion . 5 * ^ method of claim 1, wherein the second mitogen is 

ofl2ammoacids,tocmoutthefusedDNA(c-mycPR),ligate 25 m^rent from tte first mitogen. 

to the retroviral plasmid, pLXSN, at downstream of 5' LTR, 6 - ^ e method of claim 1, wherein the nuclear receptor is 

and to generate the intact retrovirus expressing the chimeric selected from the group consisting of an estrogen receptor, an 

protein, c-myc-progesterone receptor (MycPR). androgen receptor, a progesterone receptor, a glucocorticoid 

The commerc ial utilities of the mitotically enhanced CNS receptor, a thyroid hormone receptor, a retinoid receptor, and 

stem cells are: cell transplantation of the TH -positive dopam- 30 an ecdysone receptor. 

inergic neurons to treat Parkinson's disease; -substrate for 7 - ^ ne method of claim 1, wherein the c-myc-activating 

screening potential pharmacological compounds; a reproduc- a&aX is selected from the group consisting of p-estradiol, 

ible source of gene and protein levels of the cells influenced RU38486, dexamethasone, thyroid hormones, retinoids, and 

by a specific agent or protocol designed to represent/mimic a ecdysone. 

disease process; a reproducible source of novel genes and 35 8. The method of claim 1, further comprising introducing a 

proteins; a reproducible source of neurons and glia for engi- selectable marker into the neural precursor cell, 

neering of three dimensional tissues and neural prosthesis; a 9. The method of claim 1 , further comprising culturing the 

delivery vehicle of potentially therapeutic large molecule neural precursor cell in the presence of feeder cells, 

compounds suchas NGF to treat Alzheimer's disease; and the 10. The method of claim 9, wherein the feeder cells are 

starting population to further derive in vitro various coimnit- 40 selected from the group consisting of unmodified primary 

ted neuronal progenitor populations such as proliferative TH- stem cells, immature glial cells, mature astrocytes, fibro- 

expressing neuronal cells. blasts, neurons and mitotically-inhibited cells. 

While the invention has been described in connection with n. The method of claim 1, wherein the neural precursor 

what is presently considered to be the most practical and cell is a cell of a clonal cell line, 

preferred embodiments, it is to be understood that the inven- 45 A e 1 • 1 u 

lion is not limited to undisclosed embodiments, but on fce Ju^^^l^^ ^ *5 Wor 

contrary is intended to cover various modification and cd *^P* ble o^erennatrng mto a neuron upon withdraw- 

equivaLtarrangementsmcludedwitmnm^ *? C ^? C * 5llWH,ill « 

of the appended claims. Thus, it is to be understood that 13 A ™ . od °j m f ,ntaimil 8 me capacity of a neural pre- 

variations in the present invention can be made without 50 c ! lrsor <f" lme of / nm ^ an t0 differentiate into neurons in 

departing from the novel aspects of this invention as denned V,tro : t whe /!?i 531(1 ceH lme mcludes neural Precursor cells 

in the claims. All patents and articles cited herein are hereby ° f dlfferentiatm 8 mto neurons and glia, said method 

incorporated by reference in their entirety and rel ied upon. comprising: 

a) preparing a culture comprising at least one neural pre- 

What is claimed is: 55 cursor cell from said neural precursor cell line, wherein 

1. A method for obtaining a culture of human neural pre- said culture includes at least one mitogen selected from 

cursor cells capable of differentiating into neurons and glia the group consisting of aFGF, bFGF, EGF, TGFct and 

comprising: combinations thereof; 

a) culturing at least one neural precursor cell in a medium b) introducing into said neural precursor cell a recombinant 
including a first mitogen selected from the group con- eo DNA construct comprising a receptor ligand-regulated 
sisting of aFGF, bFGF, EGF, TGFct and combinations c-myc cDNA capable of expressing a chimeric c-myc 
thereof; . protein fused with at least one nuclear receptor protein 

b) introducing into the neural precursor cell in the medium having a c-myc-activating 1 igand binding domain; and 
including the first mitogen a recombinant DNA con- c) expanding the undifferentiated modified neural precur- 
struct comprising a receptor ligand-regulated c-myc 65 sor cell beyond thirty cell doublings in a medium com- 
cDNA, wherein c-myc cDNA is fused with DNA encod- prising said mitogen and an amount of a c-myc-activat- 
ing a ligand-binding domain of a nuclear receptor, and ing agent 
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14. The method of claim 13, wherein the neural precursor 
cell is derived from central nervous system tissue. 

15. The method of claim 14, wherein the central nervous 
system tissue is selected from the group consisting of hippoc- 
ampus, cerebral cortex, striatum, septum, hindbrain, and spi- 
nal cord. 

16. The method of claim 13, wherein the nuclear receptor 
protein is selected from the group consisting of an estrogen 
receptor, an androgen receptor, a progesterone receptor, a 
glucocorticoid receptor, a thyroid hormone receptor, a retin- 
oid receptor, and an ecdysone receptor. 
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17. The method of claim 13, wherein the c-myc-activating 
agent is selected from the group consisting of P-estradiol, 
RU38486, dexamethasone, thyroid hormones, retinoids, and 
ecdysone. 

18. The method of claim 13, wherein said neural precursor 
cell line is a clonal cell line. 

19. The method of claim 13, wherein the neural precursor 
cell is capable of differentiating into a neuron upon withdraw- 
ing the mitogen and the c-myc activating agent. 

* * * * * 



